LIST OF TABLES

LIST OF FIGURES
INTRODUCTION
Child undernutrition remains a major problem in low income countries. In sub-Saharan Africa alone 56.9 million children (40 percent of all children) are stunted and 31.1 million are underweight (22 percent) (Black et al. 2013) . While a tragedy in its own right, undernutrition leads to enormous economic losses, for example, through reduced human capital (Behrman, Alderman, and Hoddinott 2004) . Undernourished children tend to score poorly in cognitive tests and also do not progress as far with their education as their better nourished peers (Mendez and Adair 1999; Glewwe, Jacoby, and King 2001; Alderman, Hoddinott, and Kinsey 2006) , and thus become less productive adults. Horton and Steckel (2013) estimate that each year sub-Saharan Africa loses 11 percent of its Gross National Product due to poor nutrition.
Seasonal energy stress is considered a major contributor to undernutrition in low income settings (Ferro-Luzzi and Branca 1993; Vaitla, Devereux, and Swan 2009) . Most farmers in sub-Saharan Africa rely on rain-fed agriculture (Faurès and Santini 2008) , resulting in considerable seasonal variations in local food availability and prices (Kaminski, Christiaensen, and Gilbert 2014; Gilbert, Christiaensen, and Kaminski 2015; Hirvonen, Taffesse, and Worku forthcoming) . Moreover, a large body of literature documents how children's and adults' anthropometric outcomes fluctuate across agricultural seasons (Leonard 1991; Alemu and Lindtjørn 1995; Panter-Brick 1997; Dercon and Krishnan 2000; Ferro-Luzzi et al. 2001; Maleta et al. 2003) , thus confirming the link between seasonal energy stress and undernutrition. Low energy intakes, even temporary ones, can have serious nutritional implications, especially for young children. Recent evidence from Tanzania suggests that early childhood exposure to consumption seasonality may even shape adult outcomes (Christian and Dillon 2015) . This paper contributes to this vast -though recently somewhat neglected (Devereux, Sabates-Wheeler, and Longhurst 2012) -literature on seasonality by studying how market access interacts with the impact of seasonality on child growth. This focus on market access is motivated by emerging literature that highlights the role of market and road access on household welfare and food consumption patterns. Handa and Mlay (2006) demonstrate that Mozambican households with access to roads are better equipped to smooth their consumption across the agricultural seasons. This could be because households with road access are more likely to engage in non-farm activities (Jacoby and Minten 2009 ), which could provide them with additional income during the lean season. Less remote farmers are also able to get better prices for their produce in the post-harvest period and are less exposed to seasonal variation in food prices (Minten 1999) . Moreover, emerging research evidence from Ethiopia suggests that households located closer to markets enjoy better diets (Stifel and Minten 2015) , and their food consumption is less dependent on their own agricultural production (Hirvonen and Hoddinott 2014; Hoddinott, Headey, and Dereje 2015) . Therefore, the hypothesis that households that have greater access to markets are better able to meet the nutritional needs of their children seems plausible, but so far (to our knowledge) untested. 1
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In this paper, we attempt to test this hypothesis using high-frequency panel data from eight villages in northern Ethiopia. The survey collected anthropometric measures of children in approximately three-month intervals between 2012 and 2014, resulting in a panel data set spanning seven rounds. Categorizing the interview dates into lean and non-lean (i.e., food sufficient) seasons, we first show how children's weights are subject to considerable seasonal fluctuations. As expected, age-or height-adjusted weight measures are lower in the lean season, verifying earlier findings from Ethiopia and other low income settings. We then study whether market access mitigates the impact of seasonality on child growth patterns. We find that children residing in households with better access to local food markets have higher Z-scores for weight-for-height and weight-for-age. 2 However, while these children are better nourished than the children located farther away from food markets, their (height or age adjusted) weights are also subject to considerable seasonal fluctuations. The seasonal changes in their Z-scores are of similar magnitude to the changes observed in the Z-scores of children residing in more remote areas.
Households with better market access, therefore, also are unable to protect their children from the effects of seasonality. This could be because food prices in these markets are subject to considerable seasonality. A recent study by Gilbert, Christiaensen, and Kaminski (2015) provides support to this hypothesis. The authors document considerable seasonal price gaps -the difference in prices just before and after the harvest -in Ethiopia and in 10 other African countries. 3 This implies that the local food markets are not well integrated, and food products are mainly sourced from nearby localities. As a result, food prices in these markets closely follow the local food production patterns. High food prices in the lean season, together with low incomes and depleted food stocks, compel households to cut back on their food consumption and change the content of their diets (Hirvonen, Taffesse, and Worku forthcoming) . This paper also speaks to the fast evolving research literature focusing on linkages between agriculture and nutrition (Herforth, Jones, and Pinstrup-Andersen 2012; Carletto et al. 2015) . Mainstreaming nutrition into various national agricultural programs is also a strategic objective in Ethiopia's National Nutrition Programme (GFDRE 2013). However, so far there has been little evidence that agricultural interventions lead to improvements in nutritional outcomes (Berti, Krasevec, and FitzGerald 2004; Masset et al. 2012; Ruel and Alderman 2013; Webb and Kennedy 2014) . One reason could be the limited attention to the seasonal nature of food availability in low-income countries in this research to date. Indeed, agriculturenutrition interventions typically focus on improving agricultural outcomes during the main agricultural season.
The structure of this paper is as follows. In the next section, we provide information on the context and data used in the analysis and offer some descriptive analysis. Section 3 describes the econometric strategy, and Section 4 presents the results. In Section 5 we attempt to corroborate our findings by studying how children's diets and illness risk vary across seasons. Section 6 summarizes the findings and offers some policy recommendations.
CONTEXT, DATA AND DESCRIPTIVE ANALYSIS
This study focuses on Tigray, the northernmost region of Ethiopia. The undernutrition rates in this region are among the highest in the country: 51 percent of children are stunted 4 , 35 percent are underweight 5 , and 10 percent are wasted 6 (Central Statistical Agency and ICF International 2012). Tigray is overwhelmingly rural and the mountainous terrain makes travelling difficult and time-consuming.
2 The Z-scores measure the distance to the median weight of a healthy and well-nourished reference population of same sex and age/height. This distance is measured in terms of standard deviations of that same reference population. We used the WHO (2006) as the reference population and computed the zscores using zanthro06 command (Leroy 2011) in Stata 14. Z-score observations that were below -5 or above +5 standard deviations were considered outliers and dropped from the analysis. 3 For Ethiopia, Gilbert el al. use monthly price data for 2003-2012 from 11 wholesale markets. As expected, the prices of perishable food items displayed highest seasonality. For example, the estimated seasonal price gap in Ethiopia for oranges was 21 percent and for tomatoes more than 35 percent. However, considerable seasonal price gaps were also found for cereals: for maize the seasonal price gap was estimated to be 20 percent, for teff 10 percent, and for sorghum nearly 14 percent. 4 A child is categorized stunted if his or her height-for-age is below -2 standard deviations. 5 A child is categorized underweight if his or her weight-for-age is below -2 standard deviations. 6 A child is categorized wasted if his or her weight-for-height is below -2 standard deviations.
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The data used in this paper come from a household panel survey from the south-eastern part of Tigray conducted between May 2012 and July 2014. These data were collected by the International Food Policy Research Institute (IFPRI), the Institute of Development Studies, and the Department of Economics of Mekelle University. The purpose of the survey was to assess the impact of the Social Cash Transfer Pilot Program (SCTPP) organized by the Regional Government of Tigray and the United Nations Children's Fund (UNICEF). The goal of the SCTPP project was to improve quality of life for vulnerable children, the elderly, and persons with disabilities.
The 'treatment' sample was drawn from a list of beneficiary households. This list consisted of four different household types: the elderly, the disabled, child-headed households 7 , and female-headed households. To ensure that a sufficient number of children were in the final sample, the evaluation team oversampled non-elderly households. The final sample consists of three sub-samples: 1) a treatment sample: households that received SCTPP benefits; 2) a control sample: households that met the target criteria but did not receive the SCTPP benefits; and 3) a random sample: households that did not meet the target criteria and did not receive SCTPP benefits.
In this paper we ignore this experimental design in the sampling and instead use these rich data to study the role of seasonality on child nutrition outcomes. The original impact evaluation, reported in Berhane et al. (2015) , found that, while the project improved household diets (calories and dietary diversity), it had no statistically significant impact on household (self-reported) food security or young children's nutritional status (stunting (height-for-age) or wasting (weight-for-height). 8 The survey was fielded in the two districts (woredas) in East Tigray zone where the SCTPP pilot took place; in Abi Adi, an urban district north of the regional capital Mekelle, and in Hintalo Wajirat, a rural district south of Mekelle. We restrict the analysis to the rural district, Hintalo Wajirat, where 2,387 households from eight tabias (sub-districts in the local language) and 27 kushets (villages in the local language) were selected for the final sample. 9 The motivation for this restriction is due to the fact that these eight surveyed tabias are all rural and located close to each other, thereby sharing the same climate and weather. Moreover, virtually all households in Hintalo Wajirat engage in agricultural production, whereas the opposite is true for the households in the urban sample. 10 The terrain in Hintalo Wajirat is rugged with altitudes ranging between 2,000 and 2,600 meters. Figure 2 .1 shows where the kushets (marked with black dots) are located in the district. Households in this district rely on four food markets (marked with stars). The (Euclidian) distance to the nearest food market varies across the kushets, ranging from a minimum of 0.5 kilometers to a maximum of 9 kilometers. 11 About one fourth of the kushets are located within a distance of 3.5 km from a food market.
We use these panel data to study seasonality in child health outcomes. With seven rounds of data collected over a 24-month period, this survey is ideal for such an analysis. Regarding attrition, 90.5 percent of households interviewed at the baseline survey were interviewed at the end-line. This 9.5 percent attrition was concentrated in two tabias where some respondents declined to participate again in the survey citing religious reasons (Berhane et al. 2015) . We explored the correlates of this attrition using a probit model and found that it is not correlated with any of the child or household level characteristics, including weight-for-height (WHZ) and weight-for-age (WAZ) Z-scores and household wealth. The results from the probit model analysis are not reported in this paper, but are available upon request.
As in other parts of Ethiopia, farming in Hintalo Wajirat is based on rain-fed agriculture, and therefore agricultural production takes place in seasonal cycles. Figure 2 .2 shows the average rainfall patterns in the area. Farmers grow their crops mainly in the long rainy season (meher) that takes place between June and October. 12 This is followed by the harvest period, typically occurring between October and November (Hirvonen, Taffesse, and Worku forthcoming). After the harvest, households depend largely on their stored food stocks. Figure 2 .3 shows how consumption from own production is high at 90 percent in the months immediately after harvest, but declines to 30 percent during the lean season months. The two figures highlight the extent of seasonality in agricultural production and consumption in this context. Using this information, we categorized the calendar year -and our survey rounds -into a lean season period and into a non-lean (i.e., food sufficient) period. The lean season period occurs between May and September, whereas the non-lean period is between October and 7 This refers to households where the head is less than 18 years of age. 8 For more information about the survey and the impact evaluation, see Berhane et al. (2015) . 9 1,280 households were interviewed in Abi Adi woreda. 10 As a result, their production is less affected by seasonality in rainfall patterns. 11 The Euclidian distances are based on GPS coordinates that were recorded for each household and each food market. We calculated the distance to the nearest market and then took the median distance for each kushet to minimize the role of measurement error. However, the results are robust to using distances defined at the household level as well (results available upon request). 12 The rains during the short rainy season (belg) are small in magnitude and not reliable and therefore only little cultivation takes place during this period.
April. Table 2 .1 shows the survey dates. Three of the seven survey rounds were in the lean season, while the four other rounds were conducted in the non-lean period. Measurements of the height and weight of each child who was less than five years old were collected in each survey round. We focus on weight-based measures, weight-for-height and weight-for-age Z-scores, that capture the current or recent nutritional status of children, and are therefore considered more responsive to seasonal changes than the often used height-based indicators, i.e. height-for-age Z-score (Khara and Dolan 2014) . More than half of the children in the sample are stunted, 27 percent are underweight, and 8 percent are wasted (Table 2. 2). Therefore, despite the non-representative sampling, the undernutrition rates in this sample are similar to those rates reported for the region (see above). Moreover, Figures 2.4 and 2.5 show that the growth faltering in weight-for-height and weight-for-age follows the typical pattern observed in many other low income countries (Victora et al. 2010 ). 
METHODS
We model the anthropometric outcome ( ), WAZ or WHZ, for child i at time t residing in village v as a function of the season when the child was measured:
where captures the season in which the child was measured; equal to one if the interview took place in the lean season, and zero otherwise. Variable measures the distance to the nearest food market. We also include an interaction term of these two variables ( * ) to see whether the seasonal fluctuations differ across the distance to the nearest food market. The term ′ is a vector of household level characteristics, including characteristics of the head of household (age, sex, literacy), household wealth (productive and non-productive assets), and demographics (number of household members in different age groups by sex). Child specific controls ′ include sex and age in months (spline function: knots at 6, 12 and 24 months). Table 2 .2 provides the summary statistics for all variables used in the analysis. Finally, the term is the linear time trend to capture general, non-seasonal, trends in children's anthropometric outcomes over the 24-month period and is the error term. The standard errors are clustered at the kushet level.
It may be that the distance to markets has a non-linear relationship between children's weights. To account for this possibility, we also estimate the following model:
where equals one if the season is non-lean (i.e., food sufficient) and the village is located close to a food market (within 3.5 km distance) 13 and zero otherwise; equals one if the season is non-lean and the village is not located close to a food market; and equals one if the season is lean and the village is located close to a food market. The β coefficients then capture the effect of seasonality for each village type relative to the reference group: lean season and the village is located far from a market. We therefore expect that each >0. Table 4 .1 shows the regression results based on Equation 1. The odd columns use WHZ as the dependent variable and the even columns are based on WAZ. In the first two columns, the interaction term is omitted, while the last two columns estimate the full model. We see that seasonality exerts considerable fluctuations on children's weights: during the lean season the weight-for-height Z-scores are, on average, -0.29 units of standard deviation lower than during the non-lean (i.e., food sufficient) season, after controlling for age effects, household wealth, and demographics. The lean season exerts a similar impact on weight-for-age Z-scores: -0.20 unit of standard deviation drop in the WAZ scores. For the average child in our data of 34 months of age, one standard deviation in WAZ translates into 1.7 kilograms. Therefore, the average child in our sample is 0.34 kilograms (0.2 x 1.7 kg) lighter during the lean season relative to the non-lean season. Furthermore, children who are located farther away from a food market have lower WHZ and WAZ scores. In columns 3 and 4 we interact the distance variable with the lean season dummy, thus estimating the full model presented in Equation 1. The coefficient on this variable will tell us whether the impact of seasonality differs across the distance to food market gradient. The coefficient on the interaction term appears insignificant in both columns, implying that the seasonal fluctuations do not differ between the more or less remote households. We also estimated Equation 1 using village fixed effects. The distance to market is measured at the village level, and therefore we had to omit this variable from the model. The results are presented in Table 4 .2. First, the coefficients in column n/a n/a n/a n/a lean season X (log) distance to the market n/a n/a -0. We also estimated Equation 1 using household fixed effects. The results were very similar to those obtained in Tables 4.1 and 4.2 and, therefore, are not presented here. Table 4 .3. Figure 4 .2 summarizes the corresponding results for WAZ in Column 2 in Table 4 .3. We see that, while children located near the food markets are better nourished in each season, their WHZ and WAZ scores fluctuate considerably between lean and non-lean 11 seasons. The magnitude of these seasonal changes are similar between children located near the food markets and children located farther away from the markets. Table 4 .3. The number in parentheses gives the estimated WAZ score for each season. The number in brackets gives the distance in WAZ units between the estimated average WAZ score between non-lean and lean seasons.
RESULTS
Source: UNICEF Tigray Social Cash Transfer Data.
EXPLORING POTENTIAL PATHWAYS
The regression results presented in the previous section show two things. First, children's weights are subject to considerable seasonality -irrespective of their proximity to food markets. Second, despite this, children located closer to food markets have higher age-and height-adjusted weights than children living in more remote areas. In this section, we attempt to further understand these two findings. The two most important immediate causes of child malnutrition are inadequate diets and illnesses (UNICEF 1998) . In this penultimate section we study how seasonality and market access affect children's diets and the risk of contracting an illness (diarrhea).
Unfortunately, we do not have information about the quantities of food the children in the sample consumed. However, the survey comprised a series of Yes/No questions about children's consumption of 15 different food items in the last seven days. 14 We used these data to construct a household level dietary diversity score ranging in value from zero to 15. 15 The mean weekly dietary diversity in our sample is 3.9 food groups (standard deviation: 2.44), confirming observations from earlier studies that Ethiopian children follow extremely monotonous diets (Headey 2014; Hirvonen and Hoddinott 2014) . We then regressed this household level dietary diversity indicator on our seasonality and market access variables, together with the controls used in the previous regressions.
Column 1 in Table 5 .1 provides these results. First, we see that children located in villages with better market access enjoy more diverse diets during the non-lean season (0.375 food groups; 0.710 -0.335, p=0.025) as well as during the lean season (0.71 food groups, p<0.01) relative to children residing farther away from food markets. We also assessed whether the likelihood of consuming animal source foods and, more specifically, dairy products changes across the seasons and across the market access dimension. 16 Previous research from Ethiopia shows how children's dairy consumption is associated with better anthropometric outcomes . We find that children located closer to food markets are more likely to consume animal source foods, but only during the non-lean season (Column 2). This seems to be driven by dairy product (mostly milk) consumption (Column 3). Columns 1 to 3 then suggest that children who reside closer to food markets consume more diverse diets with no changes seen across the two seasons. However, the content of these diets changes: the consumption of dairy products -that are rich in protein -increases considerably in the non-lean season. Note: Column 1 is OLS and columns 2 to 4 are estimated using a linear probability model. Control variables are listed in Table 2 .2. Standard errors clustered at the kushet level are in the parentheses. Statistical significance denoted at *** p<0.01, ** p<0.05, * p<0.1.
Source: UNICEF Tigray Social Cash Transfer Data
Finally, an alternative pathway in which seasonality can affect children's weight is through an increased illness risk during the lean season. Indeed, earlier findings from the south of Ethiopia suggest that seasonal weight losses in children were driven by diarrhea episodes rather than changes in food availability (Ferro-Luzzi et al. 2001) . 17 To assess this, we use the data on children's diarrhea episodes in the four weeks prior to the interview. 18 Nearly 10 percent of the children in our sample were reported to have had diarrhea in this period. In column 4 in Table 5 .1 we regress this binary variable on the seasonality and market access variables (and the controls). Overall, we find little evidence to suggest that the trends in WHZ and WAZ scores observed in the previous section are driven by diarrhea outbreaks. In contrast, and somewhat puzzlingly, we find suggestive evidence that the probability of a child contracting diarrhea is somewhat higher in the non-lean season in the more remote kushets. However, this estimate is statistically significant only at the 10 percent level.
CONCLUSIONS
In this paper we have documented how children located closer to food markets are healthier and better nourished compared to their counterparts residing in more remote areas. However, we also find that children's (age-or height-adjusted) weights are subject to considerable seasonal fluctuations -irrespective of their households' market access. Further analysis on children's diets reveal that children located closer to food markets consume more diverse diets throughout the year. However, the content of this diet varies: children near markets are much more likely to consume milk or milk products during the non-lean season than in the lean season.
This leads us to conclude that, while proximity to food markets facilitates access to more diverse set of foods, households located closer to these markets are not able to insulate children from seasonal weight fluctuations. One possible explanation for this latter finding is that food prices in these markets are subject to considerable seasonality (Gilbert, Christiaensen, and Kaminski 2015) . This points to three policy options. First, investments in better storage technologies could go a long way in decreasing seasonal price volatility, although mainly for less perishable staple food crops. Second, expanding irrigation would allow food to be produced outside the main cropping season, thereby shortening the lean season period and reducing the seasonal energy stress among households . The third policy option is to improve market integration. The considerable seasonality in food prices implies that food markets in Ethiopia are not well integrated with markets in other regions: local markets are mainly sourcing food products from nearby areas. The geography of Ethiopia, however, offers great potential for improving seasonal food availability through cross-regional trade. The country is large, covering more than one million square kilometers and comprising a number of different agro-ecological zones in which food is being produced. Moreover, the seasonal weather patterns vary across the country, with some areas relying on two agricultural seasons instead of one. Furthermore, better market integration would allow producers to maximize their incomes through specialization while ensuring that households have access to nutritious foods (through properly integrated food markets). Effective behavioral change communication would then play an important role to ensure that the demand for a diverse range of food types remains high so that producers have the incentive to produce such foods.
Finally, this study has limitations. First, we do not have information about the food quantities consumed by the children. The analysis of dietary diversity suggest that children located closer to food markets enjoy more diverse diets than children located in more remote areas. However, the consumption of animal source foods, and especially dairy products, declines dramatically during the lean season in areas that are closer to market. This could then explain some of the seasonal weight fluctuations among children located closer to food markets. Nevertheless, it is likely that households also cut back on quantities consumed during the lean season (see Hirvonen, Taffesse, and Worku forthcoming). Unfortunately, due to lack of data we cannot verify this hypothesis. Finally, the analysis focused only on one district (woreda) in the Tigray region, thereby limiting the external validity of this study.
